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 Standing-Wave Hard X-ray Photoemission Spectroscopy (SW-HXPS) is a versatile and non-
destructive method for characterizing in a quantitative way not only multilayers and superlattices but 
also materials transferred onto synthetic multilayer mirrors.  In this study, we characterize a free 
standing InAs thin film quantum membrane (QM) chosen as a model for the more general class of 
quasi2D semiconductors.  III-V compound semiconductors like InAs possess superb carrier transport and 
excellent optoelectronic properties, which render them good candidates for high performance 
electronic and optoelectronic devices [1].  However, the growth of these high performance 
semiconductors and their integration with the low-cost processing of Si technology present challenges 
since high defect densities and junction leakage currents occur at the interface between these 
compounds and the Si substrate. In order to overcome these problems, free-standing InAs QMs were 
transferred onto a (SiO2/[Si/Mo]x) multilayer mirror substrate.  These free-standing ultrathin films and 
their interfaces have not been fully characterized.  The characterization of these interfaces is 
fundamental, since possible formation of oxide layers on the surface or at the interface with the 
substrate strongly influence their electronic transport properties.  In this study information on the 
chemical composition and on the chemical states of the elements within the InAs (QM) was obtained by 
HXPS and on the quantitative depth profiles by SW-HXPS.  Furthermore, by comparing the experimental 
SW-HXPS rocking curves to x-ray optical calculations [2,3], the chemical depth profile of the InAs(QM) 
and its interfaces were quantitatively derived with Angstrom precision.  We determined that the 
exposure to air induced the formation of an InAsO4 layer on top of the stoichiometric InAs(QM) and that 
the interface between them is not sharp, indicating interdiffusion between these two layers. On the 
other hand, the bottom interface between the InAs(QM) and the native oxide SiO2 on top of the (Si/Mo) 
mirror is abrupt.  In addition, the valence band offset (VBO) between the InAs(QM) and the 
SiO2/[(Si/Mo)x] substrate was determined by HXPS. The value of VBO = 0.2±0.04 eV is in good 
agreement with literature results obtained by electrical characterization, demonstrating a well-defined 
and abrupt InAs/SiO2 heterojunction [4].  In conclusion, we have demonstrated that HXPS and SW-HXPS 
are non-destructive, powerful methods for characterizing interfaces and for providing chemical depth 
profiles in quantum membranes, 2D layered materials, and other layered nanostructures. 
References 
[1] H. J. Joyce, Q. Gao, H. H. Tan, C. Jagadish, Y. Kim, J. Zou, L. M. Smith,H. E. Jackson, J. M. Yarrison-Rice, P. 
Parkinson, and M. B. Johnston, Prog. Quantum Electron. 35(2–3), 23 (2011). 
[2] S.-H. Yang, A. X. Gray, A. M. Kaiser, B. S. Mun,  J.B. Kortright, and C. S. Fadley, J. Appl. Phys. 113, 073513 (2013) 
[3] O. Karslıoğlu, M. Gehlmann, J. Müller, S. Nemšák, J. Sethian, A. Kaduwela, H. Bluhm, C.F. Fadley, J. El. Spectrosc. 
Rel. Phenom. (2018). DOI 10.1016/j.elspec.2018.10.006 
[4] G. Conti, S. Nemšák, C.-T. Kuo, M. Gehlmann, C. Conlon, A. Keqi, A. Rattanachata, O. Karslıoğlu, J. Mueller, J. 
Sethian, H. Bluhm, J. E. Rault, J. P. Rueff, H. Fang, A. Javey, and C. S. Fadley, APL Materials 6, 058101 (2018) 

http://aip.scitation.org/action/doSearch?field1=Affiliation&text1=Synchrotron%20SOLEIL&field2=AllField&text2=&Ppub=&Ppub=&AfterYear=&BeforeYear=&access=
http://www.ece.neu.edu/

